Scholars and local planners are becoming increasingly interested in the contribution of tourism to economic and social development. In the European cities that currently lead the world rankings for tourist arrivals, local governments have actively promoted tourism. Mobility is an essential issue for tourists visiting large cities, since it is a crucial factor for their comfort. It also facilitates the spread of benefits across the city. This study uses an international database of European cities to examine whether city planners respond to the additional demand for urban transport by extending service supply. Our results confirm that tourism intensity is a demand-enhancing factor in urban transport. However, cities do not seem to address this pressure by increasing services. Tourism appears to exert a positive externality on public transport, since it provides additional funding for these services, but it also imposes external costs on resident users because of the congestion caused by supply constraints.
The UNWTO World Tourism Barometer reports that international tourist arrivals reached 898 million in 2007 and are expected to rise to almost 1.6 billion by the year 2020.
Europe, the region with the highest figures, expects to receive 527 million tourists by 2010 and over 700 million by 2020. These forecasts predict that Europe will receive more than half all the world's tourist at the end of the present decade (Table 1) .
1 As a result, tourist arrivals play an important role in the economic development and the wealth of nations. In fact, according to the World Trade Organization, receipts from international tourism represented approximately six per cent of worldwide exports of goods and services in 2003.
The spread of visitor expenditure on accommodation, food, drink, local transport, entertainment and shopping represents substantial benefits for local recipients.
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A significant share of tourist visits focus on a particular city as the main destination.
Tourism today makes an important contribution to a city's economic success and social dynamism, and for this reason many cities in Europe have actively promoted the tourist industry in recent decades. Some examples are Barcelona (Spain), Berlin (Germany) and Amsterdam (The Netherlands), where the number of tourist visits has increased spectacularly over this period. These cities, together with traditional European tourist destinations such as London, Paris and Rome must deal with the pressures derived from the rise of the tourist industry.
Tourists arriving at international cities need mobility, and few decide (or can afford) to hire private transport. Because of this, the public transport system is an essential service for this population, especially in cities large enough to need bus, metro and train systems.
1 These figures were forecast before the worldwide economic down-turn in the second half of 2008. Tourism growth rates in the coming years may well be affected by this recession. 2 See WTO Tourism Highlights (2007) for more information and data regarding tourism performance, economic impact, and forecasts.
However, in congested cities with weak public transport networks, the influx of tourists exerts additional demand pressure on the transport system. Tourists may end up competing with residents for limited urban resources, a situation that may cause significant negative local externalities which may even cancel out the positive ones related to their expenditure.
Several scholars have already stressed the importance of transport networks and infrastructure in tourism development (Kaul, 1985; Chew, 1987; Abeyratne, 1993; Prideaux 2000; Seetanah, 2007, 2008) . However, Lumdson and Page (2004) warn that academic specialists in the areas of transport and tourism have largely remained compartmentalized. One likely reason for this is the difficulty in identifying tourism transport as a discrete functional entity in order to conduct analysis and define policies (Page 1999) . Indeed, there are very few articles in transport journals that make specific reference to tourism, just as there are few references to transport in tourism journals.
Specifically, little attention has been given to competition between tourists and 'hosts' for public transport (Hall, 1999) .
As the International Association of Public Transport recognized in the core brief prepared by the Regional Transport Committee in March 2003, public transport must adapt and accommodate to the new demand pressure presented by tourism and leisure. In fact, leisure and tourism services do not always require high investments, since tourism can optimize the use of existing staff, fleets, and infrastructure during slow periods.
For these reasons, we believe that it is important to establish whether or not city planners consider the number of tourist arrivals in their cities as a factor in the design of urban mass transport supply. The main hypothesis of the current study is that they do not, and that they base their projections for supply on other factors such as fiscal considerations, the needs of the city's residents, and features of the city itself. We expect to find that tourism clearly increases demand for public transport but does not positively influence service supply.
A reason for this policy is that city planners consider that it is possible to derive the maximum benefit from tourists merely by holding supply at the same level and tolerating a certain degree of congestion during tourist seasons, in order to take advantage of economies of scale and density. This would explain why in tourist seasons we find severe congestion in urban transportation systems while in the rest of the year the same supply can provide adequate service for local citizens. In this way, tourists subsidize local users of the transportation system by providing higher occupancy factors and increased revenues in off-peak periods (as opposed to peak periods on working days). Indeed, cross subsidies from international tourists to national users of transportation systems have been found for the Spanish airports in Bel and Fageda (forthcoming).
Our paper contributes to the existing literature by analyzing the effect of tourist arrivals on urban transport demand and supply. To do so, we use an international sample of European cities and a multivariate econometric analysis. The paper also provides interesting insights on factors explaining urban transport systems from both sides of the story (demand and supply). Our results confirm the hypothesis by showing that tourism is an obvious demand pressure but has no effect on the determination of supply. We also discuss the different impacts of the variables used to explain supply and demand equations.
The rest of the paper is organized as follows. In the next section we explore the relationship between tourist arrivals and urban transportation, while the third section describes the empirical strategy applied to test the main hypothesis. Section four present our main results. Section five concludes.
Relationship with the literature.
Transport supply comprises a broad range of modes, from large infrastructures such as airports to bus network systems within cities. It is an essential utility for tourists as they move around the city, visiting urban attractions, returning to their accommodation, and so on. In fact, as Page (2005) describes, the transport and tourism industries are very closely linked .
Hall (1999, p. 181) identified four different roles with respect to the supply side of tourist transport. First, linking the origin market with the tourist destination; second, providing access and mobility within a wide destination area (region or country); third, offering access and mobility within a tourist attraction; and providing travel along a recreational route.
Most research has been devoted to analyzing the effects of the development of transport linking source markets and tourist destinations. Kaul (1985) emphasized the importance of the transport system as a key factor in developing tourism attractiveness and activities. Chew (1987) discussed how the expansion of air transport allows the expansion of the range of available areas -and particularly the Asia Pacific region -for affluent tourists from Europe and America. More recently, the growth of the low-cost model has helped to expand international intra-continental tourism, by providing more frequent and cheaper transportation to tourist destinations (Bel, forthcoming) . Crouch and Ritchie (1999) noted the competitive advantage that a proper supply of infrastructure -particularly transport infrastructure -provides for tourism development. More recent work, such as the studies by Naudé and Saayman (2005) and Seetanah (2007, 2008) , provides multivariate empirical analysis on the relationship between transport supply and tourism development.
Other authors have focused their attention on the role of transport within the wider destination area. Lundgren (1982) analyses tourist flows between metropolitan and rural destinations, and Pearce (1987) focuses on tourist transportation between a cityconsidered as a locational base -and other tourist destinations around that city.
However, much less attention has been paid to the third role stressed by Hall (1999) , that of providing access and mobility within a tourist attraction or destination. Given its importance as a necessary service to improve quality, offering efficient urban transport can help to derive maximum benefits from tourism and to spread these benefits across the city. 3 Indeed, better transport performance heightens comfort and efficiency during a tourist's stay. In the opposite scenario -if the ability of tourists to travel to a preferred destination is hampered by inefficiencies in the transport systems -then they may well seek alternative destinations (Khadaroo and Seetanah, 2008) or the number of attractions visited during their stay may fall.
As a result, the obvious demand pressure on urban transport systems produced by tourism should be accommodated by local governments and city planners. According to Kaul (1985) , this accommodation is an essential ingredient of the development and success of tourism, and must continue to grow in order to meet an increasingly diverse demand.
For this reason, planners must meet two objectives in their design of public transport supply in response to tourism. The first is to provide efficient and comfortable transport systems to cater for tourist needs and to maximize the benefits derived from their stay. The second is to minimize the negative externalities received by local citizens from transport congestion, especially during tourist seasons.
However, some of the cities that have experienced spectacular increases in tourism in recent years have not followed these recommendations. A good example of this is Barcelona (Spain), which is considered one of Europe's most attractive international tourist destinations. Since 2003 no major changes have been introduced in the city's public transport supply -the metro supply has risen by 11% in four years, while the bus supply has remained the same. Over the same period the number of taxis has in fact fallen, by 1%.
At the same time, numbers of international tourists, usually the population most in need of urban public transportation, have grown by almost 50% in four years. 4 Clearly, the urban public transport supply has not accommodated the new demand pressures from tourists.
Urban transport congestion in the high tourist season has risen and both the quality of the service and the income from tourism have fallen.
In off-peak hours and holidays, however, the presence of tourists in the transportation system can facilitate the provision of the service at times there are too few local users to justify maintaining normal frequencies and quality standards. So, in this way, tourists crosssubsidize local users. Again, the example of Barcelona is very helpful to illustrate the existence of these cross subsidies. Only two of the bus services in the metropolitan area of Barcelona are financially profitable: the route connecting the airport to the city center, and the Bus Turistic (the city tour bus). Both these services are closely linked to tourism. The revenues from these lines are used to offset the permanent operational deficits run up by the rest of the transportation system, since there is a single agency that regulates, manages and funds the system as a whole. 5 We can gain an idea of the impact of the tourist routes on the rest of the urban transportation system from the fact that the revenue from the city tour bus in 2007 was more than 30 million Euro, approximately 20% of the total revenue from the city's urban bus routes for the same year. 6 This share is all the more remarkable if we consider that the number of passengers on this service accounted only 1% of the total number on the city's entire network.
Tourism causes negative externalities for the mobility of local residents, who tend to object to tourism for this reason and blame the local authorities for the lack of public planning. However, tourists using urban transport systems provide substantial revenue and may even cross-subsidize local residents, since the average price paid by tourists on urban transport is likely to be higher than that paid by local users who take more advantage of multi-trip and other special discount schemes.
Empirical Strategy.
In this section we describe the data used and the models considered to test our hypothesis.
Data
The data used in this research were obtained from the Mobility in Cities Database (MCD), which is provided by the International Association of Public Transport (UITP).
This database offers 120 indicators of public transport from 50 cities worldwide, though in fact most of them are in Europe. In order to improve the homogeneity of the sample, we used information from 45 European cities and did not include cities from outside Europe. Table 2 shows the cities and some of their socio-demographic characteristics in order to illustrate the variability of our sample. Table 3 classifies these cities by region. This variety captures a wide range of social and economic attributes and heterogeneous institutional frameworks, and avoids the risk that results might be biased by the presence of certain types of city. Nonetheless, we should stress that Mediterranean and central European metropolitan areas are slightly more represented than the rest of the regions (Northern and Eastern).
<< Insert tables 2 and 3 about here >>
Additionally, we use information regarding tourist arrivals compiled by the Euromonitor International, which ranks the 150 cities with the highest number of annual tourist arrivals in the world. Using this ranking, we construct a variable of tourism intensity to account for both supply and demand in public transport, as we explain in the next sub-section.
The Model
Here we extend the empirical model presented in Albalate and Bel (2008) on factors explaining urban public transport systems by introducing tourism intensity variables. The equation system to be estimated in order to explain urban transport supply and demand for these 45 European cities can be expressed in the following double log specification form: OCOST: Average operating cost of one public transport place-km. This variable reflects the operating cost of providing each place-km. We therefore expect a negative relationship between the operational cost and transport supply. The more expensive the service, the lower the number of place-km offered by public authorities.
FLEET: The fleet of vehicles available for public transport purposes. Within this category we identify the number of buses (BUSES), metro trains (METRO) and trams (TRAM). The higher the number of vehicles, the higher the number of place-km per capita.
In addition, the provision of more vehicles suggests better service and as a result, higher transport demand. Therefore, this variable is expected to affect both equations positively. (Table A1 ).
In fact, equations 1 and 2 can be considered reduced form equations in the sense that we also use full form equations by identifying different vehicle types within the FLEET variable. This disaggregation involves a modification of the extension made in equations 1 and 2 of the empirical model by Albalate and Bel (2008) . As a result, the full form equations to be estimated (equations 3 and 4) can be expressed as follows: 
Estimation and Results.
Cluster Analysis.
Before presenting our econometric estimation, we first compare and cross city characteristics and the tourism index. This is not the core of our analysis because we wish to test how tourism intensity affects public transport supply and demand. This relationship will be studied using the econometric strategy presented. Nonetheless, it is important to our analysis to establish whether similar cities -similar in terms of socio-demographic, economic and transport perspectives -enjoy similar rates of tourist arrivals. If this is the case, the use of a tourism intensity variable would capture these characteristics and bias the interpretation of the role played by tourism in urban public transport systems.
A first step is to use a cluster analysis, which encompasses different algorithms and methods for grouping observations according to their similarity in such a way that the degree of association between two objects (cities) is maximal if they belong to the same group, and minimal otherwise. Once all cities are grouped according to their characteristics, we will compare them with the tourism intensity index in order to see whether similar cities receive a similar number of tourist arrivals or whether, as expected, there are other important factors that explain a city's attractiveness to tourists other than their sociodemographic and economic attributes.
The type of cluster analysis undertaken is known as K means. The objective of this strategy is to minimize the sum of squares within a group or cluster when dividing the sample into categories. This method assigns each observation to the nearest cluster in terms of its centroid. The distance measure is Euclidian. In a K means cluster analysis we must first determine a number of clusters. In this case, in order to facilitate comparison with the tourism intensity index we assume the existence of six groups of cities (k=6).
Given a fixed number of desired k clusters, the method assigns observations to these clusters so that the means across clusters (for all variables) are as different from each other as possible.
The variables used to group our cities are some important socio-demographic and economic characteristics, as well as a pair of variables affecting transportation. These variables are: Population, GDP per capita, Urban population density, Motorization, and the number of public transport vehicles per million inhabitants. Results of this grouping strategy are displayed in table 6.
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As the table shows, this strategy is enough in a few groups to roughly predict the number of tourist arrivals. Therefore, city characteristics and the transportation system are relevant by themselves to explain their relationship with tourism in these groups of cities. The phenomenon is particularly intense in the case of groups 4 and 5. However, in most cases, this is not enough to determine the relationship between tourism and city characteristics, and we need other factors to explain tourism attraction diversity. Therefore, we do not need to suffer from colinearity with the introduction of a tourism intensity variable in our specification. In fact, this variable is not highly correlated with any of the variables of our specification, as we show in the correlation matrix in the appendix (table A1).
Econometric estimates.
We first estimate our equation system using the Heteroskedasticity-Robust Ordinary Least Squares estimator (OLS) separately for each equation. We then implement a SUR model (Seemingly Unrelated Regression, also called joint generalized least squares or Zellner estimation), which jointly estimates the equation system allowing for correlation between error terms through equations. 11 This latter strategy is used when it is unrealistic to expect errors in a set of equations to be uncorrelated. This is a more efficient estimator than OLS. Indeed, substantial efficiency gains are expected while contemporaneous disturbances in different equations are highly correlated. 12 The SUR method uses the correlations between the errors in different equations to improve the regression estimates, but requires an initial OLS regression to compute residuals. The OLS residuals are used to estimate the cross-equation covariance matrix. for reduced form equations. 13 We also checked that the relationships between the variables found to be statistically significant in the reduced form models did not undergo important changes, confirming the robustness of their effects on the dependent variables.
Leaving tourism intensity aside, interesting results arise from our estimations of the factors explaining urban transport systems. As in Albalate and Bel (2008) , in separate estimations we find that GDP, the number of total vehicles and being a capital city, all produce positive impacts on the supply side of transport systems. In contrast, operational cost is the main variable pushing in the opposite direction by affecting negatively the 11 In SUR strategy the equations are estimated as a set to increase efficiency. 12 See the seminal work by Zellner (1962) Our results support our main hypothesis on the relationship of tourism and urban transportation. As expected, the variable of tourism intensity (TOUR) is highly statistically significant in demand determination when estimated either separately or jointly with urban transport supply. However, its coefficient is not statistically significant for supply equations. Tourist arrivals push urban transportation demand upwards, but we do not find that cities with higher tourism intensity present higher public transport supply. This result seems to confirm our initial hypothesis, that is, that public transport supply does not seem to accommodate tourism intensity. The cities with the highest demand for public transport due to tourism do not increase the supply of this service, but hold higher demand with the same number of place-km per capita.
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To show that our results are not driven by the decision to construct a tourism intensity variable based on a categorical nature, we replicate the same estimation model but substitute the TOUR variable with the absolute number of tourist arrivals in the city. With this change we lose the observations of those cities not included in the ranking of 150 cities with most tourist arrivals, but it is useful as a robustness check of our main result. This variable is now named TOUR_ARRIVALS and the new results are displayed in table 8.
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As shown, the continuous variable related to tourism intensity still presents the same impacts as the categorical variable. Moreover, even losing several observations and making the sample smaller, most coefficients retain the relationships that were found previously.
This can be understood as a sign of robustness in those relationships. In the supply equation we again find that tourism is not considered in the design of the number of placekm per capital served. In contrast, its coefficient is statistically significant and positive in the demand equation. Therefore, we can affirm that, even when several observations are lost and the estimation is less robust than the previous one, the main result is not affected by the choice of variable used to consider tourism. In fact, we believe that tourism intensity is better identified by this continuous variable, but we understand that -in terms of the whole estimation model -the results derived from its use are less robust. In addition, changes in the initial sample do not seem to affect the main relationships, especially that of tourism with urban public transport systems.
Final remarks.
Tourism represents an obvious demand pressure for urban mass transportation, as the econometric estimations presented here confirm. Nonetheless, this pressure does not seem to be addressed by the supply side. In fact, our results suggest that tourism does not directly affect supply decisions regarding the annual number of place-km delivered.
The rationale behind this planning strategy could be based on the incentive provided by tourist arrivals as a revenue-increasing factor that helps to fund the transportation systems.
Tourists' need for intensive mobility and the fact that they cannot usually take advantage of the discount packages designed for local users means that their additional demand pressure also helps funding, especially during off-peak periods. In this regard, tourists using urban public transportation raise the occupancy rate of vehicles, making the maintenance of frequencies and service quality less costly in periods in which local demand is not high. As a result, tourism is seen by planners as an effective way to subsidize the transport service.
From the local point of view, this can be considered as a positive externality of their arrival.
Tourist arrivals are usually concentrated around weekends and during holiday periods, times when local residents make less use of public transportation; the main reason for residents' trips is work-related travel, and this need is much higher on weekdays during non-vacation seasons. Therefore, this time and space divergence between residents and tourists favors the strategy of using tourist customers to fund transportation in lowdemand slots and/or seasons.
However, if tourist arrivals coincide with peak-time periods in the public transport system, the additional demand pressure from tourism imposes negative external costs on local commuters in terms of comfort and congestion, given the supply invariance confirmed by the present study. In this case, tourist arrivals imply a negative externality on local users of public transportation by making travel and access less comfortable. In fact, this additional demand pressure merely aggravates the social costs of transport in congested periods if pricing is not designed with a view to internalizing externalities. As Page (2005) 2003; p. 319) asserts, "tourism can emerge as a source of conflict between hosts and visitors in destinations where its development leads to perceive and actual impacts".
As a consequence of both these externalities, city planners must balance the positive and negative effects of tourist use of public transportation by managing supply. On the one hand, if the city does not take advantage of the opportunity offered by tourists to fund services because of the increased occupancy factor in off-peak periods and holidays, then the system will incur larger deficits. This foreign cross-subsidy allows city planners to reduce the average charges to local users (or alternatively reduce budget subsidies to the transportation system).
Moreover, planners must be aware that regular supply in peak-time periods that coincide with high tourist arrivals can aggravate the competition for limited resources and urban spaces between residents and tourists. Therefore, there is a balance that has to be considered and managed when using cross subsidies from tourists as a contribution to transport funding. Ignoring negative externalities when they emerge could make the service provided less efficient and less convenient, and may damage the reputation of the city as a tourist destination in the long run, particularly if the global industry continues to produce new tourist destinations that are keen to compete with the ones already established. Significance at 1% (***), 5% (**) and 10% (*). Note 3. For demand equations we lose one observation due to lack of information regarding public speed in one of the cities of our sample. Deleting PUB_SPEED in demand equations does not change other coeficient's statistical significance. 
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